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METHODS AND COMPOSITIONS FOR 
RFGULATION O ^ jUAl.PHA REDUCTASE ACaivu if 
Technical FteM off The Inveatign 

The i^cscntinvcnticm relates generally to coi^^ 

iDdiK>ds r^Dlating the action ami fiu^ 
homKxnes by im>dulating Ihe wdvity of s 
Stt-Tcdoctascs. More q)cdficany, flic prcsert invention 
compounds to r^alalc processes or treat disoiders t^ 

or oflier steroid homumes or are caused by abmmnal actions of anJiogens or otficr 
steroid iKwmones in cclb « organs of animals^ humans, plants, or microorganisms. 
This invention relates to tiie use of natural and synthetic ilavanoids, catedx>ls, 
cnrcomin-related substances, quinones, catecfains and fatty adds and their 
analogues or derivatives as 5tt-rednctasc isozyme inhibitors and as thoapeotic 
agents. These conq)ounds can also be used m promoting or modulating desirable 
production of qpedfic products for commercial purposes. 
Backgroupd of Ac Invention 

In some of the androgen-scnsitive organs, such as the prostate and skin, 
testosterone CD is ccmvcrted to a more active metabolite 5a-<lihydrotestostcrane 
(DHT) by 5tt-rcductase (Anderson and Liao, 1968; Brachovdcy and Wlson, 1968). 
Other substrates of 5a-reductases are also converted to reduce products that may 
have specific properties. InhiWtion of Sa-reductasc represents a unique ^>proach 
for develq)ing tticrapcutic methods for androgen-<iepeirfent diseases, sudi as 
benign i^ostatic l^c^l^*^ P*^^ 

ccmomm baldness, tmsutism, and hidrademtis suppurative. Various compounds 
have been shown to inhibit Sa^rcductase activity (Liang an^ 
aL.1993;RttssenandWilson, 1994; liao and ffiipal^ Rnastedde 
(Proscar^ a S<Mediu4ase inhibitor, lowers the level of DHT in sennn and the 
prostate, reduces prostate vohmie and increase urinary flow in some patioits 
(Stoner RFinastedde Study Groiq?, 1992). Certain alijAatic unsaturated fitty 
adds, sttA as yliuolenic add (Liang and Liao, 1 992) and catcdrin-S-gaDates (Uao 
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awl ffipakka, 1995), can iDlul>HSiKediictaseactn^ flhrer and prostate of rats 

and humans in vitro. 

Sa-Rednctase is laond in many oigans (RusseU and Wilson, 

et aU 1993) inchiding die sd»aceous sland of hamsters (Takayasa ^ 
5 i07?)ftti^ imm<m WlblHelea(RandalL1994\ Two S«-ieductase isozymes have 

bea identified in lats and fanmansQ(nssetl and '^K^lson, 1994). The type 1 isozyme 
p >AMirftiati»« til rat tinmea aneh aa Kver. IddneY. brain, and hmg. ^wtoeas the type 2 
enzyme is more ahondant in rat testis and q>idi4rmis. Bofliiso^esarefinmdin 
sldns of the neonate, tmt dm type 1 isoasyme is the nugor foim eqnessed m ti^ 
10 after pnberty. The type 1 isozyme is also eqiressed in balding sca^. The 

possilnfity dul the type 2 iso^me plays a uuqiie role in ddn and hair growdi 
camotbe excfaided. Rnasteridc,a4-a2asteroid,isacon5)Ctitiveinhibitorof5a- 
lediKteses and has an afBnity 30-fold higher fi>r isozyme 2 than fi» isozyme 1 
(Rnssdl and Wilson, 1994). In contrast, flie green tea ca te rJii n s, epicatedun-3- 
15 g»Hi.te anH fpigftllncatednn.3-gallate are more effective inhibitws of die type 1 

enzyme and y-Hnolenic add inhibits both isozymes equaUy ^ O-iao and 
mipakka. 1995). 

In the stimqHail macaqoe, a XDCMakey modd of androgenic alopecia, 
finasteddegwcnwallyiacventsfiOTital baldness (Dianietal, 1992). Thepaired 

20 hamster flank organs, one on each side of the costovertebral angle, are highly 

sensitive to androgen stimulatiraL Tt^ical plication of y-linolenic add 
suppresses raily the androgen-dqpendent growth of the treated hamster flank oigaii 
witiiout showing systeaiicefBxts on ti» contralateral flank organ and this effert 
very Kkdy due to local ihhibitiCTa of 5<t-re dn ctasft 

2S Uses of androgens loxywn to A» medical arts incfaide,fi3re3Eample, 

treatmert of Itypogwadism and anemia. The abuse of androgoB amwig aOdetes to 
enhance performance is well known. Androgens are also known to promote die 
development ofbenign prostatic hyperplasia ^PH), prostate cancer, baldness, acne, 

obeaty and undesirable Hind and stertnd jnofiles in blood and organs. 
30 Approximatdy70%ofmalesintheU.S.overtheagBof50havepadK>logical 
evidence fBPH. Prostate cancer is die seccnidleadmg cause of cancer death in 
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males in IfaeU^* Maleiwtteincd baldness can start as early as tbetee^ 
gatedcaDy sascqpt3>Ic males, and it has been eslhnated to b^ 
Cancaaan males at age 30, 40% of Cancastan males at age 40, and 
Ca n CT riwi Tpai»» at age ^Q. Acne is ttic most commoii ddn disorder treated by 
^tyAdaas. Liwcmien, hirsutism is one offlieballmadcs of excessi^ 
Tte ovaries and die adrenal arc Ibe insgor soorces of androgen in wc^^ 

&imcn,dtemqorandrogaicirc»latiiigind)ebloodistestos About 
98% of die testostenme in blood is bound to senmi proteins afB^ 
sex-steroid tnnifing gMndin and tow afBn^ 
infieefomL The albamin-bound testosterone, die binding of ^n^^ 
rcverable^ and dse free fbim are consited to be bioovail^ 
about 50% of total testostenme. Testosterone enters target cells apparently by 
diffusion. In the prostate, soiiinal vesicles, ddii, arid some other target org 
converted by a NADPH-dq)cndent 5a-rcductase to a more active m^abolite, 5a- 
DBT. 5a-DHT dien binds an androgen recq>tor(AR) in target organs. The5a- 
DBT-receptor coiiq>lexes interact widi qiecific prations of die genome to regulate 
gene activities (LiaoetaL, 1989). Testosterone appears to bind to die same AR» but 
ithasalowerafBnitythanSctrDHT. In tissues such as muscle and testes, where 
Sa-reductase activity is low, testosterone may be die more acd ve androgoi. 

The difference between testostenme and 5a-DHT activity in differeot 
androgen-reqxHisi ve tissues is further suggested by findin g s in patients with 5a> 
reductase defidenc^. Males widi5arrednctased^den(7 are bom with fimale-like 
extenialgemtalia. When diey reach pid)eity»dinrplasrna levels oft 
normal (M^sfi^ittydcvated. Thdr muscle growth accderatcs, the penis enlarges, 
voice deepens, and libido toward fexnales develops. However, d«r prostates 
remain nori-pa^le, ttiey have rediM^cd body hair, and diey do not develop aoM or 
baldness* 

The fitufe^pt in 5a-rediKtase deficient padents suggest that iiihibitors of 5a* 
reductase wouM be useful lor die treatment of prostadccancv 
^>^Vtp^^^ and f^ miil g Kti ynfigm Clinical observations and animal experiments have 
indirfttf^ ftat q?fp^a(ftf>pf>pgig^ mmifmmt^ ffibido, sexual bdiavior, and 
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feedbadcinbibitkMi f eroadotropin seaetkm do not leqaiie Ac couvasioo f 
testostenmo to 5»-DHr. This is in COTlrast to oAer hoonc»d 

abolidi H» adiras of botfi testostoooe and SorDHT. 

Tkeatmenl of androgai-dq)endeol ddn and prostatic diseases Ijy 5 
reductase inMbitois would be eatpected to produw 

presently available honiKnal therapies. These inrfodc castration, estrogen flwapy, 
U0i doses of sin»eractive gwuAjtn^nn-releasii^boimonesuch asUqnoHifc, and 
the nse of competitive antiandrogens which inhibit AR binding of testosterone and 
So-DHT.sudi as fliitanride,cyproterone acetate and qrironolactwie. Thelongtenn 
efficacy of oonqKititive antiandrogens is sdso cOT^mmrised by their blodc of ti» 
androgenic feedba* inhibition of gonadotropin seoction. This increases testicular 
secretion of testosterone. The W^ier level oftestostcrone eventually overoomes the 

action of tiie antiaodrogen. 

Excessive 5o-DHT is implicated m certam androgenrdqpendent pattwlogical 
conditions inchidmg BPH. acne, malei>attem baldness, and female idiopathic 
hirsutism. It has been shown that 5o-reductase activity is reported to be higher in 
hair follicles fiom the scalp of baldmg men than tiiat of non-balding men. 

Since treatments of androgen-dqwadent ddn and prostatic diseases by 5a- 
redttctase inhibitois can produce fewer side effects tiian ti»e hormonal therapies 
which indiscriminately inhibit all androgen actions, it is desirable to provide 
Afibent types of Sa-^eductase inhibitcHS. 
Brirf Sni" «M»r Y Of The Invwitlon 

The present invention rdates generally to flie utilization of certain 

compounds for fte control of androgfo acfivi^ in target organs and cells through 
themodulationofaSiwednctase activity. In certain aspects, these compounds are 
employed to repn» androgenic activity by inhibiting flw foonation and availab^ 
of active androgen in target cdb. Consequently, the present irwention is uscM for 
the treatment of a wide variety of conditions inchiding, but not limited to, die 

treatment of prostatic hypeq>lasia, prostatic cancer, hirsutism, acaie, male pattens 
baldness, sdxmhea, and otiwx diseases rdated to androgen hyperactivity. Several 
of these compounds have been shown to effi*tivdy decrease body weigjit, and in 



some cases, to decrease fee wrig^ of an aDdroga^dq)€odept body Ofgaa» sadi as 
the prostate and o&ercffsaDS. The eflectivencss of these componnds may be 
dfpfndfTT* also on Oetr action cm other mediamsms involved in ang^ogei^as, cell- 
cell interactidn» and on Aeb interaction with various conqxments of organs and 

ceils. 

C(mq)oi]nds nsefid in fee practice of tfie present in 
isoom of saturated and unsaturated £alty adds, natural and sy^^ 
and derivatives fiom ^^lich feese &tty adds can be generated as ^ 
UM^lites and oxidaticm products offeese&tty adds. The use offeese and other 
&tty adds and their derivatives is also contenaplated Also useful arc catechm 
conyounda, partinJariy, n!t'^^^*» are stmctmaBy similar to epi ratfriiin 
gallateCECG)andq>igaUocatechmgal]ate(EGCG). BGCG has an additional 
hydroxyl group on the q>icatechm gallate molecule, which has been found to be 
surprismgly active m modnlatmg several 5a-^eductase mediated processes. EGCG 
derivatives having sudi an additional OH gn>up cm the ahering ECG ittolecule 
shown to be active in indudng body wdght loss and particularly in rcdud 
dze of androgen sensitive organs such as prq>utial glands, voitral prostate, 
dorsolateral prostate, coagulating glands, seminal vesicles, human prostate tumors, 
and breast tumors in nude mice. 

By analogy wife fee &tty add craipouiKis, certain active c atc c hin gallates 
m^ not enter target ceUs easily. However, esterificationofhydroxylgroiq)s on fee 
iiihibitcx' compounds dK>iit d enhance the ability of these compounds to enter fee 
targetcdls. ChK:e inside the cells, esters would be readily hydrolyzed by esterase to 
akohob that can mblnt 5a-iednctases (Williams, 19 

rmxre particular aq>ects of dm invention, fee inventors have discovered 
feat certam catecfams, particnlarfy EGCX3, can be admirustered t^ 
wd^ loss feat differentially affects ovcraU bo^ wd^ and pros^ 
In particular exampks, it was shown that fm a certam percentage of overall body 
wdght loss, prostate wdgjit loss was percentage-wise more fean three times as 
mudL The loss in body wdgjit and the organ wdgjil are likdy due to EGOT 
interferasce fa common stq) in the pafeway controlling body wd^it and the 



ofganwrij^tgain* EGCXi and related ccmqwunds may intera^ 

receptor maoomolecule ^ffol>ably amtammg aprotein) that modulates q)edfic 

lipid syntbeds and accumidatioiL I^ids can modulate goacaqpicsaoji, cell 

dcvdopmcntanddiflEeRaitiatian,andoigangrowtt^ Specific inteiftra»e of Hind 

xnetabofism in Ac cdb and organs inay control the growth of llw 

particular, pE08tate»scbaceoQS»prqputial and odier secret^ Bicertain 

applications, it is €3q>ected that bedga or abnormal growtt 

organs rnay be treated or even prevented by admifiistration of catechin rda 

compounds. 

It has been deuKmstrated Oat catec^ compounds wiU arrest or reduce 
human prostate and breast cancer cell growth* ThceffectiveMssofcatediin 
compounds was shown to be dependent on the methods by which these compound 
were administered to the experimental animals. Intr^witoncal application was 
miich more efifectivc than oral administration. It is expected ttiat direct application 
to the organs, such as the iHOStatc, win be voy effective. EGCG was smprisingly 
effective in suppresang and even reducing the size of human prostate an^ 
tumors in annual models. The effect was illustrated with EGCG; however, 
structuially dmilar catechm compounds are also effective, particularly those that 
are structuraBy sfanilar toEGCG inhavmgat least one additional hydroxyl groiqp as 
compared with ECG. Thus, tibeEG<X;^)edes that contain dghthydn>xylgroi^ 
is dgnificautly inore effective in reducmg body Wright than is ECG, wW 
seven hydroxy groiqps. Cwnpounds of this general structure arc expected to be 
particular^ ^fective in chemoprevention and chemoflienqiy of human prostate 
cancer. OmqKHnds having a part of structure siinilar to a part of structure 
EGCG are also C3q>ected to be effective. 

CQnq>ounds can be used as antiandrogenic agents ttirough top^^ 
systemtospplication. A preparation fi>r this purpose can iriclude a carrier, a 
protectant, an antioxidant (such as vitamin C or E, and various cat 
potyphenokXandodxritonx^ceuticalandphannacologica^ Itisalso 
expected that soch compounds can be used in a delivery system (OTal, local 
ai^licaticm, iigection, at implantation) nivolving molecular recogniticm throng 
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wUchfliecompoimds are ddiveied to target sites. Such a delivay system may 
involve^ among oOiermetfaods^ IqMsome tedmk^ 

Natural w-synfecticcboxiicakdiat can modulate the in^^ 
actira of recq>to8 and mammolecales areiiseful intiietieatment of abiwimalito 
sodi as <4)eaty, BFI^ prostate cancer, ddn diseases, baldness, breast tm 
Imsntism, wfaicli an related to Iqnd synlfaes^ 
fimctioii. 

Animai models can be used to demonstrate Oe effixtiveness of compomKb 
onavarietyofcaneen. For example^ Shicmogjtumw and ofliertnmora can be 
studied in male rats. Human breast and prostate cancer cell growth can be stialied 
inmidemiceL Alteniathr^, rodent toeasttnmm indued by carnnogeos and other 
cancers induced in transgenic mice or Dunning tumor in rats can be similaily 
analyzed for d*dr chemotberaqpy by EGCG and related compounds. 

The use of oonqwimds disclosed in tite present invention, or in natural 
ti)enf>eaticaUy effective amounts of phamiaceutical c(mq)odtions cmitaimng one or 
more of tte compomids, in scmie cases in combination 'wifli oflier thenpeotic agents 
and carriers, OT in natnnd or synftetic products, is *8 ^'c^^ 

various disordcR. These diswdersinchid^ but are not necessarily limited to, those 
conditions wherein excessive androgenic activities have been implicated, for 
exanq>le, male pattern baldness, female hirsutism, ddn disorders, BPH, cancers of 

prostate, breast, ddn and odier oigaiis. 

The present invention is also Erected to novd compounds. These 

compounds have tike finmnla: 




I 



where X is -imCHJCOr ^ -CSrCHr; 

Rt, Ri and each may be -H, -OH or -OCB„ provided tiiat only one of Ri, 
R„ and may be -H; 
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. R4»R,andR«eacliim^be>H»-OH»-Oa],or-N(CB^IHOvided0iat^ 
<»» of R5 and R« may be and 
nisOorl. 
and tfM fbrnmla: 
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M of the c(m^K>dtk)m and mellK^ 
made witfxyat undue experimental^ Wlnletibe 
coiiqx)sitiom and mediods of dus invention have 1^ f 
piefored embodimenis, it win be qiparent to 1 
niay be q[^fied to die (mnpodtion8» metiK>ds and in tte steps Of 
steps of dm mefliod described Iwran widxNit dqparting fi^ 
scq>e of die invention. More q>edfically» it be qsparentdiat certain agents 
wfaidi are bc^ cfaenucally and phyriologically related may be substituted for die 
agents described herein ^^^e the same C€ similar results would be achieved. AH 
such similar sobstitotes and niodificatiom qq>arent to ti^^ 
decEoed to be within the q[nrit, sc(^ aid concept of the invention as defin^ 
appended claims. 

Brief Pcycriptlott OtJhp Dra^wtna 

In the drawings* vAnch form apoition of the ^>ecification: 

Fig. 1 dxyws die structure of flavanoid compounds of die present invention. 

Fig. 2 shows die structure of catediol compounds of die present invention. 

Rg. 3 shows die structure of curcumin and related caaq>ounds of the present 
invendon. 

Fig* 4. ^ws quinones of the preset invention. 
Fig. 5 shows q>igallocatediin derivative compounds of the present 
invention. 

Fig. 6 shows die generic fixmula of die epigallocatediin derivatives of the 
present invention; 

Fig. 7 shows the generic formula of gaOates useful in the present invention; 
Fig. 8 shows the generic fijimula of curcumin derivatives usefid in the 
present invention; 

Hg. 9 shows die generic fomnda of quinones and catediols useful in the 
present inventicML 

Hg. 10 diowsfitfty^adsofdie present invention. 
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The preseot invendoii is cxaKxmed wi^ 
wliicb inchide siilgecliDg a cdl to an ef^^ 
5 inihilntorsiichasoiieoftittcoiD^^ Itisbdievedthattteiise 

of siKh ibfaibitcHS to bk>ck alnk)^^ 

conjimctiosi witih otficr aolHcaDcer ^eols; chonoflierapy, resecdraiy radiaticHi 
flmqyy, and tiie like. Theooiiq)oiiDd8of1]usiiivend(^ 
reductase inhibitois, may bave o 

10 sq>piessabix)(nnalgrowtfiofp^^ 

LunammaHan cdb» Sa-fednctase is veiy ti^itly assodated wiA 
intracdhilar membfanes^ inchidmg the membrane of the endq>lasn]ic reticuhnn and 
CQntiguons nuclear memfaraades. Attempts to solubilize and purify active 5a* 
reductase have not been voy successful. The assay of 5a-reductase activity^ 

15 tf»elbie» is perfimned by measuring Aerate of conversion of testo 

DHTby ^v^le cells or by microsomal and nuclear prq>arations in tihe presence of 
NADPH (en^matic ass^). Alternatively, the Sa-reductase activity can be reliably 
assayed by following NADFH-dq>a[ident noncovalent binding of a potent 
radioactive inhibitor, sudi as pH]4-MA ([%Q4-MA-binding assay), whidi strongly 

20 coiiq>etes with testosterone for bincfing to the reductase. The results of the two 

assays ccHieiate very well \%^ien microscnnal pr^arations fix>m difTarent organs or 
animals are used for comparison. 

A. PHM^MA Bindittg Assay For 5a>Redpctase 

Briefly, dm binding assay solution, in a final volume of 0.15 rnl, 

25 contains miaoscHnes (2-20 |igof (notdnX 0*07 |iCI of [%[]4-MA, 0.1 mM- 

NADFH, 1 mM-dithiotfareitol and 50 mM-potasstum phoq[>bate^ pH 7.0, wiA or 
widM>utd>B indicated amount ofalqnd or an inhibits Lqiidsare 
dissolved in edianol and added in l-5|il volumes. Control tubes receive the same 
amount of edianoL Afterincubati(matO*C.for 1 hour,lhepH}4-^^ 

30 
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and waduDg widi lOml of 20 mM-fxytas^um phoqdiate^ pH 7A contammg 0.01% 
CBAPS to raiK>veimboaDd pH}44^ 

Bw Assays Of The Eazvpiatic Activitv Of Mtarosomai Sa^Redactase 
The standard reactim mixtiiie» in a final vohxm 
micnsnnes. 1 |iGof pQteslosten)!^ 

0.1inM-NADFH, ImM-ditfiiofliicitol and 50 mM-potasshnn phosj^tata^ pH 7A 
with or wittKHit&e indicated amount of a lipid or an The 
reaction is started by the a^ition of microsoines and Ae incubation is carried out at 
37*C.forlSmimites. Steroids are extracted and sq^arated by tibinlaye^ 
duomatograqpfay. Radioactive steroids are located by fluoiogia}diy aiKl tfm amount 
ofra£oactivity present detenooiiied by sdixtillaticmccimti^ The ScMcdoctase 
activity was measured by analyzing the extent of the conversion of pH]testosterone 
topHlSa-DHT. 

C Sources of Stt-RedncK ^ A^jiytty 

Microsomes are prepar ed at 4^ C fiom abofifered 032 M-sucrose 
- hcmiogciiate of human liver and fipom flie fivers of aduh Si»ague-Dawley female 
rats by diffeiential ccntrifugatioii, arid are used in the ass^ of Sa-rednct^ 
Li some experiments, microsomes are solubifized witii 0.1% pols^oxyethylene ether 
W-1, except far tbt substitiition of polyoxycfliylene ether W-1 for Luhrobc-WX. 

Cells genetically engineered to express specific types of Sa^ 
reductase isoigmcies can also be used as sources of Sccp^redttctase activity* hitact cells 
containing SctHreductase; tihetr microso m es^ or nuclear prqwations can also be 
used to screen 5a-reductase inhibitors. 
IL Prostate And Breast Cancer 

A COTapo^md of this invention can be used to treat breast or prostate cancer^ 
The effectiveness of such coiiqponiids agaiiist prostate arid breast caricer c^ 
detennined eidier on isolated cdl lilies derived fiom sodi cancer tissues or in 
flinmftig H M iKK^>^| u ring thpsg Ihrmg nf cancer- By Way of example^ faomanprostate 
carreer PC-3cdb are grown in culture medhmL About one million cdls are 
irgected irilo iiiale iiude iiiice arul file growth of turiKm jfoUcwed* Witfuntwo 
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wedcs^tl^tamor grows to aboot 100 nmi^. TTircctmnOTbcarmgink«arciiq*ected 

pdfh a test cQrapound day* 

IIL OrgMt And Body Weight Loss 

A comiKmi^ of ihis inventicm can be 1^ 
ym0A. TbecooqxHiDdsdiQshayeuseintieatiDg Ibeefiectivenessof a 

rftmpf^nMl ffln W <tg^»imnMl mrtng wglUmown animal modeh. 

By way of example; male S^;ffagiie-Dawley rata (body wdgjit 180 ^lOg) 
are used. CeHnpounds are intoapqitopeally iigcctcd into rats in one groiy each day 
ftf Tdays. Rats in the control gioi^) receive 0.1 ml 30% etfianoL Body and organ 
weights are drtfyiiiined» 

IV. SkfapisoTdcn 

The invoitors son^t an inhibitor of Sa*ieductase that would be active 
topically and inactive systemically; such an agent woidd be ideal for tr 
androgen-dependeatdennatologicaldisoidera. In this study, iiihibition of androgen 
action by topical administiaticHi of y*LA in hamster flank organs is investigated. 
Especially useful in the evdtoaAon of the effects of these compounds on skin cells 
cnrsd^aceous glands is the hamster flank organ (Frost and Gomez, 1972). The 
paired flank organs, one on eadi side of flie costovertebral angle, are hi0iiy 
sensitive to androgm stimulation. The androgen SCTsitive structures in the flank 
organ include dermal mdanocytes, sd>aceous glands, and hair follicles (Hamilton 
ai^Montagna, 1950). This animal model has been widely used for testing 
androgenic (Hamilton and Mcmtagna, 1950; Frost etaL, 1 973) and antiandrof^c 
conyounds (Voigt and Hsia, IS^; Weissmaim ct aL, 1985; Chakrabarty et aL» 
1980). The unique advantage of this animal model is that a testing conqpound can 
be appfied topically to only one of tiieflaiikcHgans and the effect obser^ 
organs. Ifihe test conq>ouiui has <mly a local effect, then o 
organ is affected However, if the effect is systemic, then both flank organs are 
affected* 

Pre-pubertal male Syrian golden hamsters, castrated at 4 weeks old, are 
obtained fincmi Harlan Sprague-Dawley Co. (Madison Eadianhnalis 
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mftTntmn«! mdividnflny in a plastic cage CO rodcpt dtow (Purina) and waAer ^ 
libitum on a 12 hoar lig|il/12 hoiir dadc cycles 

Oot to two weeks after ca5trati(m» the hair on the lower back of eadi ammal 
is clipped with an electric hair clipper aiMl then sfaaEved 
organs. The ammals are divided into treatment groiq^s. A treatment sototioii (5 
is appfied topicalfy to tiie rig^ flank organ once a day nsu^ 
polyprop^enediq[>08abletip. Unless q>edfied,flie left flank organ is not treated. 
The treatment sotation contains eidier (a) edianol alone (vehicle and control^ or (b) 
a test compound The flank organ was wiped with an alcohol pad to renK>ve 
residual compound before eadi treatment At the end of each experiment (17*25 
daysX die ammals were sacrificed by eittier snSbcadon wifli CO| gas or witti an 
intraperitoneal iigectionofan overdose of phenobaibital (64.8 mg^nVan^^ The 
flank organs^ both die treated aid untreated ades» are evaluated to detoinine the 
effect of diese treatments on die groivtfi of the pigmented macule and the sebaceous 
glands. The body weight of each animal is recorded before and after treatment, 

TreatmCTt Of Animals 

Male hamstera^ 4 weeks old, are castrated and are kept on a longer ligiht 
period (16 hours lig|it/8 hours daik ^le) to insure maximum stimulation of sexual 
chaiacterisdcs (Ludersdmudt et aL, 1984). Flank organs, left and rigjbt, were 
treated topically with 5 ^l^hanol containing 0.5 iigwl pg testosterone daily. 
Aiumab are divided into groiq>s of 4-5 hamsters. The right flank organ is also 
fir^t*^ <!ai|y with S pi sohitipn containing vehicle (ethanol) alone or test compound 
(1 w 2 mg) for 18 days. The left flank organ of att aninials receives die same 

volume of vehicle. 

the leogdis of die long axis and die dioit axis of die pigmexited ^>o^ 
(pigmented macule) are measured using a calqier widi digital displ^ (Digimati c^ 
MitutoyoCoip.,Jsq>an). Tl^ product Qrag axis x short axis, mm^ is used as an 
index ofdiesurfoce area (Wuest and Ludqr, 1989). 

The flank organ treated with test compound becomes elevated aiKl palpable. 
The lengdi of the kmg axis and dioit axis of the devated mass are measured v«f^ 
caliper. Thepiodoct fthe kmg axis xsfacHt axis (mm^ was used as an index of the 
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areas of tfacsd>accons^aiKl»wfaicfacoTTdates with 

V. Baldness 

Topical Effects Qf ComiMHm ds On Hair Loss Aad Growth 

Thc s t u i ntrtaa macaqoenxHikcydcvekysto 
liuiiian andiogieoetic alopecia^ The balding process b^insslioffly after pi^^ 
( a p proxu nalcly4yearsofage)> Tins occurs in nearly 100% of die animals^ males 
and females, and is androgen dependent. Tins is a nseibl animal inodelfixrfaaman 
androgcncdc alopedaand is conteoDplatcd to bensefbl in demonstrating Ae effects 
ofpolyunsatarated&tty adds on hair loss. The following describes a protocol for 
testing. 

Male stumptail macaques (4 years of age) are divided into groiq>s of 3 to 5 
animals, A defined area of ttie scalp involving the frontal and vertex areas is 
mafked^cg^ by tattoo* Hairs in the marked area are shaved The solutions of a test 
compound in different dosa^ and combinaticns are evenly applied to the shaved 
areas once or twice a day. Control animals receive the same volume of die solvent 
(e.g.,ethanol or other (wganic solvent, or a oeam)* The same area oftbe scalp is 
diaved every 4 to 6 weeks ami the wd^tsofhairs shaved are deteraiined The 
treatments may last for 6 months to 2 years, 4-MA (17-N^-dieaiylcari>amo^-4- 
inediyl-4-aza-5-androstan-3-oneX a Sa-reductase inhibitor known to prevent 
baldness in diis animal is included as apositive controL Bi<^es of the scalp 
(tomi punch) are obtained before and at dM end of die treatm Thespedmens 
are analyzed for Sa-^eductase activity and examined histolo^caOy for 
alopecia. 

VL Effects Of Compwmds On Sebum Productions In A Hnman Modd 

Topical antiandrc^enic activity of several btty adds andcatednns is first 
evahiated in die hamster flank organ assay or the rat assay. To finther confirm tibe 
effectiveness of aniiandrogtnic compounds and suitability for human use, tests are 
performed on a human male subject The ideal compounds for human treatment are 
those that are tc^ncaDy and locally active Imt do not show systemic antiandrogenic 
activity, eq>ecaally in die cases involving young males. 
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TWfPrmtnirflnii Of Turdiiad Sebnm Prodoctkm 

A male vohmteor b iised to test anl analyze sd)^ 
fordieadregiQiL Tliefofcliead is washed tlxmHig^ 

cleaned with 70% isqxropylaIcolx>ltmc^ SebiimprodQctiofn is measured 30 to 60 
mimites later wilh a sdnmi meter ts^ piote 

in each measurement Tea measnren^iris are made within flie 4 cm square area 
(16cin^ located at flie rniddle of Ifae left or right side fint^^ 
and^hairlina 

The sebimi meter detects the dififeraxM in die transparency of the ta]^ 
before and after the tape was placed on the fcvehead for 30 seconds arKl expresses 
the difference in an art)ilTaryrianiber(S-valae)betv^^ S* 
values of schmn accmnnlated on the foreheads of men arensually 200 to 300> Skin 
snr&ceonhandsusoallysfaowsavery k>wnmnber(5 to20). The S-vahie ftr 
foiefaeadimmediatdyaflerwasfaingislessftanS. For men, the S-vahie gradually 

incrraseg to abowt 50 within '^™""*'^ after washing and leaAea 10Q tn ^00 m 

ininutes to 55 rninutes. 

To detemdne die rate of sehom pioduction» the left ai^ the rigjit ibrefaead 
areas are measured ahematively and eadi time at the conq>arable areas on fhe two 
sides. Ten measurements on each side 0.e^ 20 measurements for two sides) take 
fiihovt 1 ^'^^ Tntimtftg and the sghnm-vahiea likely range between 30 to 2(X>. TheS- 
values can differ considaably at different areas of the forehead and could he 
fnq»ftnrf!f! by en vir o nm ental^ inclining weather, di^ and j^ysiological, conditions. 
However, die ratio of die total S-vahie (die sum of 1 0 measurements) ftir die left 
and the total S-vahiefiir die ris^fiffchead is constant Therefore, compounds 
aqppfied to die kft forehead diat reduce tl^ IVR ratio to lowv 
considered as topically active agienls for siq)presa 
VIL Pharmaceutical Comporitikms 

Aqueous conqx>sidom of die present invention conqprise an e£B^^ 
amourit of 1}^ 5a-^edoctase inhibitory agent dissolved or diqieised in a 
I^iarmaceudcally acceptable aqueous mediam. The phrase "pharmaceutically 
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accqrtable" refers to iiK>lecDlar eotities and compositiQis that do not pnxlQce an 

Tbe preparattOQ of an aqueous compoation ttat contains sodi an inhibitofry 
OTntpoimd tffl ftn ^y^yg tn gy edicnt is wrfl undcistood in the art, TypicaOy, socfa 
compoations arepirqnred as injcdaible^ eifter as liquid solutions a suspensions; 
solid fisims suitable fi>r sohitkm in» or saspcasim in» liquid prior to injection can 
alsobepfcparaL The preparation can ako be enmlsified* 

The pharmaceutical conq)08itions disck>sed heran may be orally 
admhustered, for exan^le; wiA an inert diluent or with an assimilable edible 
canicr» or ihey inay be enclosed in hard w soft sheU gdatin capsttlci^ 
c ompr e sse d into tablets, or they may be fomnilated for controlled release, such as a 
transdcnnic and osmotic pressure device^ injectable device, and implantable device, 
or d>ey may be incorporated directlywith the food of the diet For «al therapeutic 
administratic»i» the active compom^ may be incoiporated widi excipients and used 
in the form of mgestible tablets, buccal tablets, trodies, capsules, elixirs, 
suspensions, syrups, wafers, and the like. The percentage ofihe compositions and 
preparations may, of course, be varied and may conveniently be 100% (application 
of pure compounds). The amount of active con^unds in such tha:!q>eutically 
useful compositions is sudi (hat a suitable dosage will be obtained. 

The tablets, trodies, pills, C2q>sules and the like may also contain the 
following: a tnnderySodi as gum tragacandi,acada» com starch or gelatin; 
exi^uentSy sudi as dicalcium fhosphstai a disint^;rating agent, such as com starch, 
potato starch, algjnic add and tbe like; a lubricant, sudi as magnesinm stearate; and 
a gtt> f>f4wilng agwfit^ joirh aa mcmse, lactose OT saccharin: or a flavoring agent such 
as peppeimiiit, oil ofwintergreen, or cherry flavorioig* When the dosage unit form 
is a capsule, it may contain, in midition to materials of the above type, a liquid 
carrier. Various oAerinateriab may be present as coatings or to otherwise niodify 
tibe physical form of Ae dosage unit For instance, tablets, pills, or capsules may be 
coated with dieUac, sugar or bolk A syn^ of elixir may contain Reactive 
compounds; sucrose^ as a sweetening agent, mettiyl and pfopy4[>arabens as 
preservatives; a dye and flavoring, such as dierry or orange flavor. Ofcourse,any 
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material iised in jHepanng any dosage unit fbnn dx>uld be {^lannaceoticany pure 
and substandally non-toxic. In addition, the active conqwimds may be incoip<»a t e^ 
into sustained-release preparations and fimnulaticns. 

The active coiiqK>uiids may also be administered parenteialfy, intravenoasty, 
orintraperitoneaOy. Stations offlie active compounds as a fiee base or 
pharmacologicany accqptable salts can be prqpared in water suitably mixed wifli a 
sur&dant, suchashydxoxypfopylcdlnlose; Dtq>eraons can also be prepared in 
glyceiol»fiquifiedpolyetfa^ex)eg|ycols» ami mixtures ftcieofairi in oils^ Iteder 
ordinary conditions of storage and use> these preparations contain a preservative to 
prevent die growfli of microorganisms^ 

Thephami%eatical fixrms suitable for injectable use indude sterile aqimus 
sohiti<ms or diqperaons and sterile powders for the extemporaneous preparation of 
sterile injectable sohidons or diq[>ersions. hi all cases, the form must be sterile and 
mustbefhiidtodteextentthateasysyringability exists. It must be stable under the 
conditi<»ts of inanufiictare and storage and must be preserved agaiii^ 
contaminatiiig action of miciocxganisms, such as bacteria and fimgi. The carrier 
can be a solvent or di^)ersion medium containing, for exanq>le, water, ethanol, 
polyol (for exanqple, glycerol, propylene glycol, and liquid polyediylene glycol, and 
IfaelikeX suitable mixtures thereof and vegetable oils. The proper fluidity can be 
maintained, for example, by tfie use of a coating, such a lecidiin, by the 
maintenanceoffte required particle size in the case of a diq>emon andby the use 
of sur&ctants. The prevention of the action of micro orgamsms can be brought 
about by various antibacterial and antifungal agents, for example; parabens, 
chlorobutanol,ptenol, soibic add, thimerosal, and the Eke. In many cases, it will 
be prefiiable to indiMle isotonk agents, for example;, sugars or sod^^ 
Prolongol absorpticm of the injectable compodtions can be brougjit about by the 
use in the comporitions of agents delaying absorption, for example, ahmriimm 
monostearate and gelatin. 

As used herein, ""phannaceutically acceptable carrier" includes any and all 
solvents, i&persion media, coatings, antibacterial and antifungal agents, isotonic 
and absorption delaying agents and the like. Theuseofsudi media ami agents for 
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phannT* f™*** ^^ ftriivft smhirtanceg is well known in Ihc art. Except insofiff as any 
conventional media or agent is incompatible with llic active ingredient its use in 
Ihefliaapc uti ccogqpositicmsisamtcmplatBd^ Sqppkmentaiy active ingredients 
can also be incotporated into tf» coxiqpositions. 

For oial administration the cQiiq>osition may be incoiporated widi exdpients 
andiiscdinftefiHmofi»p4iigestiblemoafliwad^ Anxmfliwasfa 
ynny bc pic p ai ed incovporating fbo active ingredient in the required amoont in an 
appropri ate solvent, such as a sodium borate solution (DobdT s Solution). 
A Wyrn ftt iveJy^ strive ingredient may be incoipofa te d into an antisq)tic wash 
CQiitaining sodium borate^ gfyceiin and potassium bicarbonate. The active 
ingredient nu^ also be disposed in dcntifiices, including: gels» pastes^ powders 
andslmries. Ihe active ingredient may be added in a tiierq>euticaUy effect 
amount to a paste dentifiice ttat may include water^binderSy abrasives, flavoring 
agents, foaming agents, and liumectants. 

The composition can be fimnulated in aneotral or sah fbnn. 
Phaimaceutically acceptable salts, include the add addition salts (formed wifli the 
fiee amino groiqps of flie protein) and which are formed with inorganic acids sudi 
as, for exzmplo^ hydrochloric or phosphoric acids, or such organic acids as zcctic, 
oxalic, tartaric, nuuKlelic, and tfie like. Salts formed with the fiee caiboxyl groups 
can also be derived fiom inorganic bases such as, for example, sodium^ potassium, 
ammonimn, calcium, or ferric hydroxides, and such organic bases as 
isofvc^yylamine, tiimetfaylamiiie^ histidine^ procaine am! the like. 

l^n formation, sohitiom win bc adininistered in a inamier compatible 1^ 
thft doffi»gff fmmwlfltifm andin snch a manner as it flicgapcuticaBy effective;. The 
foamdations are easily administered in a variety of dosage forms such as iigectable 
solutions, drag release capsules and the Uke. 

In o&er cmbodiii»its, one in^ dedre a topi<»d qyplication of coi^^ 
disdosedhenin. Such compositions may be fomiulated in creams, lotions, 
solutions, or in solid form HeppyMfing wpmi the particnlflr application. The 
formulation of pharmaceoticattyacceptabl vehicles for topical administration is 
wdl blown to cme of ddn in the art (see, Le^ ''Remington's Pharin^^ 
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Sciaces", IS* Edittoo). Variadon of tbe dosage of Ibe compositioiis disclosed 

win Becessarily depend iq>oii lite parties 
conditioi^s) being treated. 

Fwpareoteial admmistratioii in an ^[aeons solution, fm example^ tiie 
solution dxmld be suitably bofifoed if necessary and tiie fiquid diloeot first 
rendered isotraicwiA sufficient saline or ghicose. These particular aqueous 
solutions are eqpedaDy suitabte for intravenous, 

intraperitoneal adnmnstiation. Li disconnection, sterile aqpieous media wUcfa can 
be en^loyed win be known to those of sikiU in the art in of fl^ 
<fisclosure. For example, one dosage could be ifissolved m 1 ml of isotomcNaCl 
soloticm and ddier added to 1000 nd of hypodermic w intravenous fluid or iigected 
at the proposed site of infiirion, (see, fyr example, *llemington*s Pharmaceutical 
Sdences", 15* Edition, pa^ 1035-1038 and 1570-1580). Some variati<ni in 
A)8ag0 win necessarily occur depending on the condition of the subject being 
treated. The person re^xmsible for administration will, in any event, detennine the 
appropriate dose fi)r the individual subject McMreover, for human administration, 
preparations should meet sterility, pyrogenidty, general safety and purity standards 
as required by FDA OfiBce of Biolo^cs standards. 

EXAMPLE 
AsMvs For Cand idate Substances 

EipressioB Of Hnmap 5*^-P^*^^ ;tascs. For iho prq>aration of rat 1 A ceUs 
eai pr e ssin g different types of human 5a*redttctases, cDNAs for tibe human type 1 
and 2 5a-reductases wen isolated ficm human prostate Agtll and PC-3 cell A21AP 
n cDNA libfaries using flie publidml sequence of the 5aH:educ^ 
jt^f^ffpiarff trHfary - w pwi i ng techniqnea. The type 1 and 2 cDNAs were subclcmed 
into the retroviral eaqiression vectcH* pNfV7 and hi^ titer stocks of vims containing 
the type 1 and 2 cDNAs were genenited nsing die padcag^g cdb BOSC 2^ 
Rat 1 A cdb were infected with vinis and celb coixtaiimg integrated rcto 
selected for G418 resistance ^rown and Scott, 1987). 

Assay Of Sa^Rcdnctasc; KGooscxnes were prepared fiom rat 1 A cdls 
cApr e ssin g q[)eafic types of human 5g-red octas ft. The enzymic assay was based on 
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Ihe n&easuicmeDt of 5a4>in' jmidncd 
nucfosojucs picpared fixmi lat 1 A cdb coiitammg dt^ 
5a-reductase. TheainfHiiitoflai)dedtestostenmeaDddi^^ 
extracts was drtenmoed by dun lay^ 
ladioanalytic scanner. Thecoixxntiationoftestconq>OT^ 
conveisioii of te stDs tc ro» to dihydrotestostqonc by 50% (ECSO) was detecrmnedby 
inteq[)olati(m betweoi appropriate data poi^ 
Inhibition Of SorRcdnctase Activitv> 

Previously, wc ^wed ttmt two natural products, flie green tea catechins, 
epicatecfain gaUate (ECX3) and epigalk>catediin 

&t^ adds were inUbitois of fainnanSa-iediictase. A structure-activity relationship 
stocfy was initiated to expkxretiie structural requires Datafor 
this study are summarized in Tables l-7andHgs* 1-6. 
!• FLAVANOIDS 

A variety of naturally occuning flavanoids with structures related to 
caterliiiw were tested Q^g, 1, Table 1). 



TABLE 1 



Cell Free Assay Isoenzyme 


HKEDl 
ICSO(uM) 


HREDl 
%Inhibitioa 
@100uM 


HRED2 
ICSO(uM) 


HRED2 
%Liihfl»ti<m 
@100iiM 


Compound 


1. ;^[ncateclim(k]latB 


11 


100 


60 


83 


2. l^gaBocatBchiii 
Gallate 


IS 


99 


74 


74 


3. M^rricetin 


23 


96 


>100 


31 


4. Quadtm 


23 


96 


>100 


14 


S. BakafeiD 


29 


79 


99 


SI 


6. FisetiD 


57 


97 


>100 


4 


7. Biodiaama 


>100 


SO 


17 


74 


8. Kaenpfool 


>100 


22 


12 


62 


9. Flavooe 


>100 


20 


>100 


(-52) 


10. Gcnisteia 


>100 


16 


23 


76 
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11. Efngattocatedoik 


>100 


15 


>100 


3 




>100 


14 


>100 


4 


13. Nforin 


>100 


6 


>100 


33 


14. Alpba-nqptfiaflavone 


>100 


6 


>100 


(-13) 


. 1S« TanrifoBn 


>100 


5 


>100 


S 


16i. Rutm 


>100 


4 


>100 


0 


17* Dajdzcin 


>100 


3 


29 


69 


18. Bda-fiapAofhcvQne 


>100 


3 


>100 


4 


19. Cfarysm 


>100 


2 


>100 


1 



The tea catecfains, ECG and EGCG» had tbe 
flavanoids and were better inhibited of the type 1 (EIRED 1 ) than die type 2 
(HRED2)isoena^eof5a-rediictase. The tea catedmis epicatechin (EC) and 
qpigallocatecfam(EGQ had Uttle activity. Four flavanoids, myricetin, queratin, 
baicaldn and fisctin had ^goificant (ICS0<1 00 pM) activity and were more active 
against Ae type 1 dian the type 2 isoenzyme. Biochanin A, kaempfeiol, gcnistdn, 
anddiadzcinwereeffectiveinhifaitotsof thetype2butnottype 1 isoCTzyme. 
.CQnq>arison of die activities of cfaiysin, kaeoq>ferol, morin, myricedn, and querdtin 
indicate the iixq>oitance of B-iing hydroxyl gp>\sps^ especially in a catechol or 
pyrogaDol configuration, and pexfaaps the importance of the hydroxyl at position 3 
for activity against the type 1 isozyme. R]itin» the 3-ratinose glycodde of querdtin 
was ineffective against either isoen:^e(ICS0>100|iM). The inactivity of rutin 
conq>ared to qoercitin is eidier doe to die presence of die ofigosaccharide ni^^ 
(periiaps due to steric hindrance) or modification of the faydro^ at podtion 3. 
Taxifi>lin, a flavanone^ was ineffective against eidier isozyme 9 The 
weak activity of ta3dfi>Iin is most likely due to die absence of die 23-unsatarated 
bond ^ea its activity is CQnq[KDed to the structurally related quem When 
tested fyt inhibitory activity in vfbole cells» most flavanoids showed litde or no 
activity against die type 1 isoenzyme^ periiaps indicating limited pene^ 
these polyfaydroxy compounds across tl^ cell membrane. In contrast to the results 
wifli the type 1 enzyme, fi>ur flavanoids, biodianin A, diadzem^k^i^ 
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gcoistenEi had si gmficant inhiin^^ 

¥ix>Ie ccU assay. The iiK>st active oftfaese»biochamn A and di^^ 

two and three free hydroxyl gnHq>s, rc^)cctivcly, and so may penetrate ccHs easier 

than other flavanoids. 

r CATECHOLS 

ScMedoctase ihhibitkii studied wilh tiie fla^ 
importan ce of catechol and pyxogaOol moieties for hig^ inhibitoiy activity. 
Therefore; a series of conq)oimds with catediol gio^ 
(rable2,Fi&2). 



TABLE2 



Cell Free Assay Isoenzyme 


HREDl 
ICSO(uM) 


HREDl 
% Inhibition 
/St innnW 


HRED2 
IC50(iiM) 


HRED2 
% bthibitkn 

Iff lUU UM 


Compound 


1. Anmrarouin. 


4 


yy 


>u 


y/ 


z» isromopyrogauoi Keo 


/ 


OB 


OA 




3. ijossypol 


/ 






oo 

yy 


^» ryrogauoiKeo 




07 
y / 




A/ 


S* Nttf dOiyili^&giaiftfCtic 
Add 


19 


99 


50 


80 


6. CaficieAcid 
Phcncthyl Ester 


26 


97 


>100 


36 


7. OctylGaUate 


27 


99 


58 


90 


8. Purparogalhn 


30 


81 


>100 


31 


9» Hydnxnydopanune 


42 


69 


>100 


41 


10. DodecylgaOate 


43 


88 


>100 


36 


11. FyrocatcdxdViokt 


48 


85 


100 


47 


12. PyrogaDol 


70 


60 


>100 


28 


13. Hematoxylin 


83 


59 


>100 


38 


14. HZIV^ 


>100 


43 


>100 


0 


15. Gdc 


>100 


42 


>100 


(-75) 


16. BZIV90 


>100 


23 


>100 


13 


17. CaficicAcid 


>100 


13 


>100 


8 
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18. HZIV275 


>100 


10 


>100 


6 


19. Bxculetm 


>100 


7 


>100 


13 


20. EDagkAdd 


>100 


7 


>100 


9 


21. Catechol 


>100 


5 


>100 


0 


22. Metfaylgallate 


>100 


5 


>100 


3 


23. Rsxetin 


>100 


2 


>100 


8 


24. Pwipylgillate 


>100 


0 


>100 


0 



I1i]iteenofflie24cc»aa]KHiiMb]^^ All were more 

10 active against the type 1 ftan type 2 isoenzyme. SixofttieseconqpoimdSy 

antfararobin, dodecylgallate, gossypol^ octyl gallate» cafTesc addptendhyl ester 
and Doidiliydrogiiaiaretic add were active in whole cell assays (Table 7» below). 

was much more effective against the type 1 than type 2 isoenqrme; 
whereas» Ae other five inhihitcm were equally effective inlubitors of both 
15 isoem^mes. The synthetic conqpound H23V S2 ^wed fittle activity in the cel^ 

fiee ass^» but was voy active in the ^p^le cell assay with spedfic^ for tf^ 1 
isoenzyme. 

3. CURCUMIN AND RELATED COMPOUNDS 

CiHCumin was a very effective inhibitor of dther the type 1 or type 2 - 
20 isoen^rme (Table 3, Fi& 3). 

TABLE3 



Cdl Free Assay Isoenzyme 


HREDl 
ICSO(ttM) 


HREDl 
% Inbibitioii 
@100uM 


HRED2 
ICS0(uM) 


HRED2 
%Iab3ntum 
@100uM 


CompouDd 


1. Cm cumin 


3 


95 


5 


87 


2. Tctnfaydiocuicuiinii 


80 


56 


29 


73 


3. Danedxny* 

tetrelQfdiOGuicuiiiiii 


>100 


23 


>100 


42 


4. 4-liy4'0()qf-3- 


>100 


10 


>100 


(-«>) 


5. Conifciol 


>100 


10 


100 


49 



23 
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6. 4-<4-hydroxy-3- 
iDe&oo^beDoI)-3- 


>100 


3 


>100 


4 


7. FduUcAcid 


>100 


0 


>100 


18 


8. CapsaiciD 


>100 


0 


>100 


8 




>100 


0 


100 


SO 



Q>inmadally availabte airraid 
productSy tetrahydrocwaimiii aixl demethoxytetrafaydrocurcunm had much less 
activity ftan cui c omia However, tetrafaydtocuicuiDin (HZ^ 
colodess compared to Sebright yellow cuicumixi» had sigmficant activity in the 
whole cell assay. The stnictiirally related compounds 4-<+4ydroxy-3- 
mc4hoxyidicDol)-3-buteD-2-one» fenilic add, cq>5aicin, eugenol and coniferyl 
alcohol h^ little mhibitor activity (iCSOlOO |iM) against dther isoenzyme 
^ighti ghriT^ g tiie impOTtance of tiie diferulolyl structure for activity against Sa- 
redoctase. Nordihydroguaiaretic add (NDGA) was also an effective inhibitor of the 
type 1 (IC5(N19 |iM) andtype 2 (IC5O=50 jiM) isozymes in cell-free and indK>le 
cdl assays, but less so Aan curcomitL 
4. OUINOWES 

A variety of qamones were tested for activity against Sa-ieductase (Table 4, 
Fig. 4). 



Cell Free Assay Isoenqnnc 


HREDl 
ICSO(uM) 


HREDl 
Slnhibitioo 
@100uM 


KKEDl 
IC50(uM) 


HRED2 
^InUbitioa 
©lOOuM 




1. Put {MI ID 


. 2 


95 


>100 


20 


2. AlizanD 


3 


95 


100 


54 


3. Antbaiobln 


4 


99 


50 


97 


4 Mcaadioiie 


6 


77 


5 


81 


S. CoeDzyn>e<| 


12 


77 


22 


81 


6. 2,S-dicliloioiodpf>liaKrf 


15 


78 


17 


97 


7. AKzarinRfidS ' 


30 


91 


>100 


8 
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8. AnOaanifiii 


40 


CT 


>100 


13 


9. Antfararafin 


40 


«7 


>100 


13 


10. Lapachol 


>100 


30 


>100 


9 


11. Anfliraflavie 


>100 


27 


>100 


22 


12. QunDzann 


>100 


26 


>100 


7 


13. T- 

butylbydnnqriliuooDC 


>100 


19 


>100 


4 


14. Anflffaqumme 


>100 


6 


>100 


9 



The naturally occniring anlliraquiD^^ 
ofAetypelbut not type 2 isozymes. Alizarin Red S,i)tdiich is a water sohible 
suU^ derivative of alizarin had little ac^ty (ICSOs^ 
isoenzyme. The charged sul&te group may prevent inter^on with membrane 
bound Sa-reductasei Purpariii» which has an additioiial hydroxy! cofnq)ared to 
alizarin, had inhibiU^y activity similar to alizariiu Anthraflavic acid, anthramfin 
and qmnizarin, width are structural iscmiOT of alizarin without adjacent hydroT^l 
groups, had much less activity, enq>hasizing the importance of the catediol moiety 
for potent inhibitcny activity of this class of anthroquinones. Antfaraquinone was 
not an effective inhibits QCSOlOO |tM). Menadione, coenzyme Q, and 2,6- 
dichlofoindophenol woe potent ceU*fiee inhibitors of boh isoeiizymes. The 
compounds partidpate in quinone reductase reactions and may depl^ NADPH 

the observed inhibitioiL In die whole cell assay, alizarin was a veiy 
efifective iiiliibitor of the type 1 isoeni^irie and menadio^ 
5. V.y^f!Al.T^ ATECHIN DE RIVATIVES 

The fai£^ irihibiti»y activity of EGCG in a cdl-fiee assay but low in the 
cdl ass^ led us to design aitd syritheaze a series of derivatives of EGC to eolumce 
activity in die v^le cell assay (Table 5, Fig. 5). 
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TABLES 



Cell Free Assay 
Isoenzyme 


HREDl 
IC50(uM) 


HREDl 
% nunoiuon 
@100iiM 


HRED2 
IC50(uM) 


BRED2 
@100uM 




1. EGCO 


12 


99 


73 


76 


2. HZIVim 


29 


99 


76 


96 


3. HZIV 134 


20 


99 


67 


94 


4. far/92 


23 


98 


>100 


45 


5. HZIV 120 


23 


99 


66 


97 


6. HZIV 142 


25 


97 


63 


93 


7. HZIV68 


29 


93 


99 


51 


8. HZIV 75 


29 


97 


>100 


21 


9. HZIV 166 


30 


98 


78 


74 


10. HZIV 63 


311 


94 


>100 


20 


11. HZIV 169 


47 


90 


>100 


39 


12. HZIV 74 


48 


85 


>100 


24 


13. HZIV 144 


49 


88 


>100 


38 


14. HZIV 168 


49 


98 


73 


92 


IS. HZIV 166 


59 


95 


71 


84 


16. BGC 


62 


61 


>100 


30 


17. HZIV 107 


98 


52 


>100 


39 


18. HZIV 145 


>100 


35 


>100 


8 


19. HZIV 148 


>100 


31 


>100 


0 


20. HZIV 109 


>100 


17 


>100 


0 



The Studies slMn^ml flut derivadzation of the 
mettiyl or acetate gnHqps leads to llie loss of ii^^ 
aidnoeiibancenient of the lower TidK>lecen assay We» 
tfaere^He, fimited stroctore-act^^ 

EGCG to ehhaiK^eiiihibhoiy activity mtiie^^ Twenty flliese 
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gtrocftTTf^l Aaaftyg flre sMmmflrized m Table S. Tlic most dgDificaiit stntctorai 
diange leading to activity in Oe^i^lecellass^w ffittyadd 
ester in place ofthe gallic add gEOiq> of EGCXj. Biparticular* fitly adds with scmie 
d^yte of nnsatu i ati onhad good inhibitoiy activity against bofli isoenasymcs of Sctr 

5 icdnctase in Ibevvfaolecdl assay. The nK)st potent oflliese derivatives was one 

veil]iY-linokmcaddesterifiedtotiie3-lqfdio^ Certain fitty adds with a 

single unsaturated bond were also active. FcHrescample^HZIV ISO^tiiemyristoldc 
ester ofEGC was effective in both asss^ systems. Fatty adds with less 
unsaturation are less susceptible to oxidation and so be more suitable 

10 modifying agents. 



TABLES 





Cell Free Assay Isoenzyme 


BKEDl 
IC50(uM) 


HREDl 
%bbibition 
@100uM 


HRED2 
ICSO(uM) 


HRED2 
%Ubibition 
@100uM 




Cnnpound 


IS 


1. Gamma-Lmolenk Add 
C18-J CIS 63,\2 


5 


99 


11 


89 




2. QocctuL 


7 


70@30 


>100 


20@30 




3. Alpha-IinokaieAcid 
C18:3 as 9,12,15 


8 


99 


9 


84 


20 


4. LiDolek Acid 
C18:2aS9.I2 


9 


99 


19 


85 




5. Okie Acid C18:l as 
9 


10 


99 


42 


86 




6. Conji^atcd 

Odndecadimonic Acid 


10 


99 


30 


81 


25 


7. 5,8.11,14- 

Eocfftalcliaypoic Acid 


15 


97 


3 


81 




8. Stearic Acid C18.-0 


27 


71 


>100 


35 
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TABLE? 



Whole Cell Assay 
Isoenzyme 


HREDl 
ICSO(uM) 


HREDl 
%lDlubitkHi 
@100ttM 


HRED2 
ICSO(uM) 


HRED2 
%lDb9»tion 
@100uM 


Compcnind 


1. HZIV82 


3 


79 


>100 


15 


7_ Dodecvlealhle 


3 


99 


7 


98 


3* Antfanuobui 


6 


91 


>100 


31 


4. AHzarin 


6 


75 


>100 


27 


5. Gossypol 


7 


100 


6 


99 


6. HZIV160 


7 


99 


8 


98 


7. OctylGallate 


7 


99 


18 


94 


8. CaffcicAcidFfaeneaiyl 
Ester 


8 


99 


7 


98 


9. HZIV 142 


8 


99 


14 


98 


10. Cmcumm 


9 


99 


7 


99 


11. NordOiydrogtiaiarctic 


1Q 




22 


99 


1^ XTTTV/ 
IZ. XlZilV 103 




97 


32 


98 


1** TI7TV iiyi 




93 


41 


94 






81 


7 


92 


1^ H7TV Idll 


42 


90 


74 


81 






83 


62 


72 




49 


97 


57 


96 






82 


79 


62 




58 


89 


72 


83 


20. BiodamnA 


64 


64 


5 


93 


21. HZIV 82 


64 


94 


80 


62 


22. Kaempfiarol 


79 


60 


20 


85 


23. Daidzeio 


10 


13 


7 


"9 


24. Bakalein 


>100 


24 


>100 


4 
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25. Fiscdn 


>100 


42 


>100 


27 


26. EGCO 


>100 


11 


>100 


5 


27. Nfyiicetm 


>100 


11 


>100 


11 


28. Purparin 


>100 


47 


>100 


7 


29. QuQcctni 


>100 


15 


>100 


29 


30. AlizaiiiiRcdS 


>100 


28 


>100 


1 


31. Gcnislctii 


>100 


22 


20 


89 


32. HZIV123 


>100 


48 


>100 


8 


33. HZIV107 


>100 


23 


>100 


2 


34. Catedx)! 


>100 


9 


>100 


3 


3S. DiuiliBiii 


>100 


9 


58 


87 


36. PyrogaUol 


>100 


7 


>100 


15 


37. EC 


>100 


0 


>100 


1 


38. EGC 


>100 


15 


>100 


1 


39. ECG 


>100 


0 


>100 


0 


40. EGCG 


>100 


6 


>100 


0 


41. HZIV90 


>100 


34 


>100 


14 


42. HZIV63 


>100 


12 


>100 


7 


43. HZIV68 


>100 


40 


>100 


34 


44. HZIV144 


>100 


12 


>100 


7 


45. HZIV81-3 


>100 


28 


19 


80 


46. HZIV145 


MOO 


8 


>100 


9 


47. MeOylGalbte 


>100 


0 


>100 


0 


48. Propyl Gallate 


>100 


5 


>100 


0 


49. Xst^BOpylGalhte 


>100 


0 


>100 


0 


SO. GalficAckl 


>100 


13 


>100 


0 


51. Pyrogallol 


>100 


5 


>100 


6 


52. HZIV169 


>100 


10 


MOO 


0 


53.GaiDiDa-Liiiolanc 


22 


91 


20 


86 


54. Etya 


22 


67 


2 


86 
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55. Ali^Iinolemc 


29 


82 


23 


86 


56* Linolcic 


40 


78 


25 


77 


57. OlcicAcid 


83 


58 


>100 


45 


58. StearicActd 


>100 


1 A 
10 




xJ 


59. M^b^VoaksSc Add 
Me Jester 


^iw 






18 
to 


Choi Ester 


>100 


12 


>100 


11 


61. Gammft-LiDoknicAi^ 
Me Ester 


>100 


49 


>100 


26 



As fcmi^ pieiaously in our lab» the greater die degree of unsaturationy the better 
the inhiUtory activity ofihe fatty add. Since unsaturated fetty adds are ea^ 
prone to oxidation Tvhidi comprise their usefiifaiess, we examined some 
15 misatnrated&tty adds less prone to oxidation. The synthetic &tty adds» 

cGigugated octadecadieaoic add (CODA) (ds or trans- 9»1 1 or 10»12 
octadecadienoic ad^ and 5, 8,1 1 »14-dcosatetraynoic add (ElY AX were good 
iiihihitors of both isoenzymes. CODAandETYAhadlCSOsof lOand 15 (type 1) 
and 30 and 3 (type 2) fiM, respectively. The naturally occurring fetty add, y- 
20 liiiolcnic^d, has IC50of3jiM for both isoenzymes. Fatty adds such as ETYA 

may be useful ibrderivatizingoAer5a-redttctase inhibitors to enhance cellular 
iq>take aiid promote in vivo activity of 5a--reductase inhibited Methyl and 
cholesterol esters of y-linolcnic add had little activity in tfie whole cell ass^ 
(TABLB 7) aiKl so the activity of ECiC esteiified to y-Iinolenic add is unlikely due 
25 to intracellular hydrolysis of these estcra. 

Active 5a-rednctase inhibitois shown in Tables 1*7 are polyphenols or Ifaetr 
derivatives and are easity oxidized or hydrolyzed widun several hours to several 
dstys^espedaDy in die presence of air or oxygoi and at a pH above 7.0. Wehave 
found that diese compounds are more stable to oxidation or hydrolysis by 
30 mft in i ni ni n g the pH of d^ solutions of these compoupds at a pH below 7.0. More 

dian80% f die oxidation of l^drolyds can be Invented by die addition of an 
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nmcganic add, sodi as liydioditoric acid, soUuric add, or 
oipmic add, sodi as dtric add or acedc add. 
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WHAT IS CLAIMED IS: 

1. Apioccss finhibitiDgSa-TCdiictaseactmty 

esq>osmg 5<»ediictase to an cfifective infaibhiiig amount of a compom^ of any of 
Tables 1-7. 

2. A piocessoftreatii^ prostate cancxr in a subject^ 
tieatmcst Gonqmsing fltt step of admrni^^ 

lixnpca6c amount of a compound of any of Tables 1-7. 

3. A process oftreatmg breast cancer in a subjea in need of such 
treatment comprising the stq> of nlininisterag to the subject an efiective 
tbeiapeutic amount of a compound of any of Tables 1-7. 

4. A process oftreating baldness in a subject in need of such treatment 
ccHSi^ising tte stq> of administering to the subject an effective th^apeutic amount 
of a compound of any of Tables 1-7. 

5. A piocess oftreating a skin discmler in a subject in need of such 
treatment cominirii&g the step of administering to the subj ect an effective 
thoapeutic amount of a conqpound of any of Tables 1-7. 

6. A process oftreating obesity in a subject in need of such treatment 
conqpri^g the stq) of administering to the subject an effective tho^peutic amount 
of a compound of any of Tables 1-7. 

7. Aprocess oftreating benign prostatic hyperplasia or prostatitis in a 
subject in rieed of sudi treatrneiit cornprising the stq» of adiiiiiiisteiing to ^ 
an effective theiq>eutic amount of a cosqxHoid of any of Tables 1-7. 

8. Aconqxmndoftheforrhula: 

^vhere X is -NHCH,CIV or -CH=CH-; 

R,,R2andRaead»iiuiybe-H,-OHor<K3I,,immdcdtbatonlycwie fR„Ri, 
and ^ may be -H; 
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R4, R, and Rc cadi may be -H, -OH. -OCH, or -N(C3Ij),» provided that only 
one oflU R5 aod R« may be -I^ and 
nisOra-l. 

9. A compound of fliefomiula: 




h 



where R is a diain with 2 to 20 atoms fiom tfie groi^ 
oxygen, sulfur, and nitrogen, without or with one to four double bonds and 
additional hydrogen. 

10. Accnopoundoffl^fonnula: 




wfaeieRis 



H 

OH 

OS 




W09M272S PCT/WSM03MI 



O 

O- 



11. A method fw the stalnfization of compounds sbown in Tables 1 -7 
camprismgadfing an eflfectivc ambient of an ii^^ acid, an organic add, ox a 
natund im>dnct that contains Acse adds to maintain the addity 
preparations of these compounds at pH 3*0 to pH 6.8. 
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FIGDBE 1 -FLAVANOIDS 
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FIGURE 2 - CATECHOLS 
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nCDRE 3 - FERDUC ACID DERIVATIVES 
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FIGURE 4 - QUINONES 



PCTAJS9»23041 



JL joh 

AUZARM 


O ON 
AUEARMREDS 


O 

ANTMRAFUVICAaO 




ANTHnARUFtl 


CHRYSOPHANICACO 




a 

2.UMCHU>RODIDOPHeiOL 


. JL Ai 

LAPACKOC 


ay* 

ME»IADION&. 


PURPlffUN 


O OH 
QUNZATOI 


tWTYLHYDnCXIUVIOKE 







W09M272S 5/10 

FIGURE 5 • EPIGALLOCATECHIN DERIVATIVES 




COMPOUND 



GGCQ 
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Kavioo 

HaV145 

KZIV1C9 
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OH 
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FIGURE 6 • EPICALLOCATECHIN DERIVATTVES 




R: adiamwidiltolOatoinsfiromlhegroiipcoQ^ 
sulfur, ami nitrogen^ wiOKyiit wift <m^ 

additicmal hydrogcxL These atoms can be in a straight diain or branched 

f<xiD» or in the fonn of aromatic ring structures, ^ 

substitutioii of one to tinee cacbon, afl^ or halogenated BSkyi^ nitro, 

amino, methylated amino, carboxyU or hydroxy groiqps, or halogen 

atoms. 
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FIGDSE 7 - GALIATES 
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l» R2 




R5 R6 



Rl: ma]l^diamwiai2to20atoinsfiomtbeg;cot9coiiast^ 

oxygm, sidfiir, and mtrogeo* widiout or one to four doable bonds 
and additional hydrogai. These atoms can be in a straig^ diain or 
braixjied fonn* or in tfw fonn of annnatic ring sliuctures» 
have substitntira of one to tivee caibon aDgrl or balo^oated aSkyl, nitro, 
mediylated amino^ caiboxyU hydroxy groups or halogen atoms. 

R2-5: anaD^diamwilhl tol2at«misfiromti^ 

oxygen, sulfur, hydrogen and nitrogen, without at with hydroxy groqps. 
These atoms can be in a straiglit cham branch fofm, 1^ 
substitution of one to three carbon alkyl or halogeoated al^^ 
amino, imdiylated amino, carboxyl groups and hydrogoi or halogCT 
atoms. 
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FIGURE 8 • CDRCUMIN DERIVATIVES 




R: A" ftHtyl chain wiih 1 to 14 atoms from the group consisting of caibon^ 
oxyg^ 8iilfur» and nitrogcii, witlK)u^ 

caiboDyi^ orl^droxyl igrom>s and additional hydrogens. These atoms can 
be in a straight chain or brandied fbmiy or in Ae form of aromatic ring 
structures vMdti may have substitution of one to ttree carbon al^ or 
halogenated alkyl, nitro, amino» meOiylated amino* carboxyl, or halogen 
atoms. 

R2-S: Hydroxy or mcthoxy groups or an alkyl diain with 1 to 10 atoms from 
iSat group consisting of carbon* oxygen* sulfiir* and nitrogen* without or 
with l^droxygroiq^is and additional hydrogens. These atoms can be in a 
straigl^ diain or brandied fonii* wU(^ inay 

tinee caibon aO^l or halogenated alkyl* nitro* amino, meHq^ated amino* 
caiboxyl groq)s and hydrogen or halog^ atoms. 
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FIGURE 9 - QUINONES AND CATECHOLS 




Rl -R8canbelto6atc«BdiatniayconastofcaiboD,iuliQgai,oxygen,aiid 
sulfur, and addhiwal hydrogen or halogai atoms. They can be in fbc fonn of 
alkyl or h2aogaialedalkyi,in«Aoixy,iiitro, hydroxy or ai^ R9and 
RIO can he hydroxy groups or in ftefixm of qumoncs. RingBcanheina 
saturated, aromatic w quinine structures. 
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